ABSTRACT: Data collected by the National Livestock Research Institute of the Rural Development Administration of Korea were used to estimate genetic parameters for yearling (YWT, n = 5,848), 18-mo (W18, n = 4,585), and slaughter (SWT, n = 2,279) weights for Korean Native cattle. Nine animal models were used to obtain REML estimates of genetic parameters: DP-2 included genetic, uncorrelated dam, and residual random effects; DQ-2 included genetic, sire × region × yearseason interaction, and residual random effects; DPQ-2 was based on DQ-2 but included both interaction and dam effects; DMP-2 was based on DP-2 but with dam effect partitioned to include maternal genetic and permanent environmental effects; and DMPQ-2 was based on DMP-2 but also included sire interaction effects. Those five models included two fixed factors: region × year-season and age of dam × sex effects. Models DP-3, DQ-3, DPQ-3, and DMPQ-3 were based on DP-2, DQ-2, DPQ-2, and DMPQ-2 but included as a third fixed factor whether or not identification of the sire was known. Estimates of heritability with DMPQ-3 for YWT, with DPQ-3 for W18 and SWT when analyzed with single-trait analyses were .14, .11, and .17, respectively, and were nearly the same with bivariate analy-
Introduction
Maternal effects on postweaning growth traits of beef cattle have been found in some breeds (Koch et al., 1973; Alenda et al., 1980; Meyer, 1992) . Lee et al. (1991) reported estimates of heritability of .19 for yearling 1414 ses. Estimate of maternal heritability for YWT from single-trait analysis was .04, with estimates for other traits near zero. For bivariate analyses, the estimate for YWT was .01. With single trait analysis, estimate of the direct-maternal genetic correlation for YWT was negative (−.81). Estimates of direct genetic correlations between YWT and W18, YWT and SWT, and W18 and SWT were .99, 1.00, and .97, respectively. Estimates of environmental correlations varied from .60 to .81; the largest was between W18 and SWT. Including a fixed factor for whether sire identification was missing or not missing reduced the estimate of heritability for slaughter weight. The results suggest that the sire × region × year-season interaction is important for yearling weight and may be needed in a model for slaughter weight. Maternal effects may be of slight importance for yearling weight but of no importance for W18 and SWT. Models for national cattle evaluations for Korean Native cattle for YWT should be considered that include maternal genetic and permanent environmental as well as sire × region × year-season interaction effects, but those effects seem not to be needed for models for W18 and SWT. Not much reranking of sires occurred when ranked was based on the different models for W18 and SWT. weight and of .04 for 18-mo weight in Korean Native cattle. Numerous studies have also reported nonzero estimates of genetic correlation between direct and maternal genetic effects on yearling weight; for example, −.39 and .01 for Zebu crosses, −.48 for Herefords, and .49 for Angus in Australia (Meyer, 1992; Mackinnon et al., 1991) . Diop (1997) reported negative genetic correlations between direct and maternal genetic effects for yearling and 18-mo weights of Gobra cattle in Senegal to be −.50 and −.28, respectively.
Including effects of sire × herd × year interaction (Dodenhoff et al., 1998) and of sire × year interaction (Lee and Pollak, 1997; Robinson, 1994) in models for genetic evaluation of beef cattle has been investigated. Lee and Pollak (1997) and Robinson (1994) reported that the negative direct-maternal genetic correlation was inflated when the effects of sire × year interaction were not included in the model. Dodenhoff et al. (1998) suggested that including sire × herd-year interaction effects in models for genetic evaluation might result in considerable reranking for estimated breeding values for maternal weaning weight.
The objective of this study was to estimate genetic parameters associated with direct and maternal genetic effects on yearling, 18-mo, and slaughter weights of Korean Native cattle. Impacts on genetic parameters resulting from including sire × region × year-season interaction effects in the analytical models for yearling, 18-mo, and slaughter weights were also evaluated. These parameters are needed to develop genetic evaluation programs for Korean Native cattle.
Materials and Methods
Data were collected from 1974 through 1995 by the National Livestock Research Institute (NLRI) in Rural Development Administration (RDA) of Korea. Numbers of records, overall means, and standard deviations by trait are in Table 1 . Total number of animals in pedigrees was 20,999.
Most cows suckled calves for 3 to 4 mo. At about 3 wk of age, calves are provided prestarter. Weaning weight was recorded at about 4 mo (120 d). Weaned calves may have been placed in drylot or pasture (or both) and were generally castrated at about 5 mo of age. From 4 mo to 6 mo of age, it was recommended that calves be provided concentrates (CP 18%, TDN 70%) and grazing forage. From 6 mo to 13 mo, calves were generally provided concentrates (CP 15 to 16%, TDN 60 to 70%) and grazing forage. From 13 mo to 24 mo, steers were generally provided concentrates (CP 11 to 13%, TDN 71 to 73%) and grazing forage.
The adjusted measure of yearling weight (365-d) in this study provided by NLRI-RDA was These adjustments require the assumption of linear growth over long intervals. However, the adjusted weights are the data available from NLRI-RDA at the present time.
Weights were obtained at slaughter with average age at slaughter of 22 mo. Estimates of variance components for actual slaughter weight were similar whether or not slaughter age was included as a covariate.
Nine single-trait animal models were initially used to determine appropriate models for multiple-trait analyses. Region × year-season and age of dam × sex were fit as fixed effects in all models. For all models, year-season was defined with a spring season and a fall season. Two recording regions were involved. Age of dam was classified by years and ranged from 2 to 16 yr. Herd identification was not available from NLRI.
Analyses for single traits were based on the following models. Model DP-2 included direct genetic, uncorrelated dam, and residual environmental random effects with
where y is a N × 1 vector of observations; β is vector of fixed effects (region × year-season combinations and age of dam × sex combinations); a is vector of direct genetic effects; p is vector of uncorrelated dam effects; e is vector of random residual effects; and X, Z 1 , and W 1 are known matrices relating observations in y to fixed and random effects.
Model DQ-2 included direct genetic, sire × region × year-season (SRYS) interaction, and residual environmental random effects:
where q is vector of sire × region × year-season interaction effects and W 2 is a known matrix relating observations in y to random effects in q.
Model DPQ-2 was based on DQ-2 but was extended to include an uncorrelated dam effect (p): Model DMP-2 was based on DP-2 but was extended to partition the dam effect into maternal genetic and permanent environmental effects:
where, in contrast to DP-2, the vector of dam effects was partitioned into m, a vector of correlated maternal genetic effects, and p, a vector of uncorrelated maternal permanent environmental effects, with X, Z 1 , Z 2 , and W 1 known matrices relating observations in y to fixed and random effects.
Model DMPQ-2 was based on DMP-2 but was extended to include a random sire × region × year-season (SRYS) interaction effect:
Models DP-3, DQ-3, DPQ-3, and DMPQ-3 were based on DP-2, DQ-2, DPQ-2, and DMPQ-2, respectively, but included as a third fixed factor, whether or not identification of the sire was missing, with unique dummy sire identification numbers assigned if identification of a sire was missing for a record. The missing or nonmissing sires were nested within the corresponding missing sire factor (denoted in the data set as 1 for a missing sire and as 2 for known sire identification).
The nine single-trait animal models are summarized in Table 2 .
For all models, E[y] = Xβ and the (co)variance structure of the random effects for the most complete models, DMPQ-2 and DMPQ-3, was Estimates of genetic parameters were obtained with MTDFREML (Boldman et al., 1995) , a set of programs for estimating (co)variance components using animal models and derivative-free REML (Smith and Graser, 1986; Graser et al., 1987) . The program was restarted with the estimates at previous apparent convergence as initial values until a global minimum of −2 of the log likelihood was found (i.e., when −2 log of the likelihood did not change to the third decimal after consecutive restarts).
Fitting sire × region × year-season and maternal genetic effects required each animal with a record to have a sire and a dam. Therefore, unique "assigned" sire and dam identification was given to records if sires and(or) dams were unknown. The numbers of observations with assigned sires and dams are given in Table 1 .
Results and Discussion
Direct and maternal genetic effects and their covariance were previously established as important for birth, weaning (4-mo), and 6-mo weights of Korean Native cattle (Choi et al., 2000) . For example, heritability estimates for weaning weight were .13 and .07 for direct and maternal effects, respectively, with genetic correlations between these effects of −.44 in a model without sire × region × year-season interaction effects. Estimates for a model with sire × region × year-season interaction effects were .03, .05, and .11, respectively.
Yearling Weight
Parameter estimates for yearling weight with the nine models are shown in Table 3 for single-trait analyses. Estimates of direct heritability for yearling weight ranged from .10 to .23 and averaged .14 across all models. The small estimates of heritability may indicate the possibility of misidentification of sires. Lee and Pollak (1997) showed using simulation that misidentification of sires can substantially reduce estimates of heritability and produced spurious sire × year interaction effects.
Models that included maternal genetic effects for yearling weight resulted in significantly better log likelihoods than models that ignored maternal genetic effects. Estimates of variance due to direct genetic effects were increased for DMP-2 vs DP-2 and DMPQ-2 vs DPQ-2. Estimates of maternal heritability were smaller than direct heritability for the three models with maternal genetic effects. Including maternal genetic effects in the model may have partitioned total genetic variance differently. The sum of genetic (co)variances for DMP-2 was 260 compared with total genetic variance for DP- 2 of 246. Similarly, the total genetic variance for DMPQ-2 was 164 compared with 153 for DP-2. The stability of total genetic variance probably reflects large sampling covariances among estimates of its components. Estimates of direct-maternal genetic correlation for those three models were negative and large (−.80 to −.91). The signs of these estimates of the direct-maternal correlation agree with Meyer (1992) , who reported an estimate of −.48 in Australian Hereford cattle and Diop (1997) who reported an estimate of −.50 in Gobra cattle of Senegal. Very few animals had missing sire identification. However, including whether sire identification was missing as a fixed factor in the model resulted in an improvement in the log likelihood, although estimates of variance components for DMPQ-3 were similar to those for DMPQ-2.
Including sire × region × year-season interaction effects in the model improved the fit of the model and affected estimates of the variances (Table 3) . Direct heritability was reduced with DPQ-2 vs DP-2, DMPQ-2 vs DMP-2, and with DP-3 vs DPQ-3. The reduced estimates of heritability that resulted from including the sire × region × year-season interaction in the model indicate that these interaction effects may be representing herd effects. To the degree that genetic effects and herd effects were confounded, inflated estimates of heritability may result from not partitioning these effects correctly. Genetic correlation between direct and maternal genetic effects was −.80 for DMPQ-2 which included sire × region × year-season interaction effects, and was −.91 for DMP-2 which ignored sire × region × year-season interaction effects. These results agreed with those of Lee and Pollak (1997) who suggested negative estimates of direct-maternal genetic correlations for weaning weight were inflated when the effects of sire × year interaction were not included in the model. A reason for why the estimate is so large and negative is not apparent although one reason may be that the pedigree structure might not be adequate for obtaining estimates of both direct and maternal heritabilities and the direct-maternal genetic correlation.
Eighteen-Month Weight
Estimates of genetic parameters from single-trait analyses for 18-mo weight from the nine models are reported in Table 4 . Maternal effects do not seem important for 18-mo weight. Variance components for maternal genetic effects for DMP-2, DMPQ-2, and DMPQ-3 were less than 1% of phenotypic variance. However, there may be need to include a general effect of dam in the model because including that effect seemed to reduce slightly the estimate of direct heritability. These results differ from Diop (1997) , who reported maternal genetic effects accounted for a significant proportion of total variance for 18-mo (final) weight in Gobra beef cattle of Senegal. Estimates of direct heritability for 18-mo weight were similar with all models, ranging from .11 to .12. Similarly, Diop (1997) reported an estimate of direct heritability for final (18-mo) weight of .13. These estimates seem low compared with estimates for mature weight and may be due to misidentification even though the estimated variance due to sire × region × year-season interaction was small. No other literature was found reporting analyses of 18-mo weight, although Kersey DeNise and Ray (1987) reported an estimate of direct heritability for 20-mo weight of .29 for Herefords.
Estimates of variance due to effects of sire × region × year-season interaction were also small in contrast to the estimates for YWT. This result suggests that the interaction term may not be a surrogate for contemporary group effects for 18-mo weight or that contemporary group effects are not needed to account for management conditions in Korea.
Including the effect of whether sire identification was known or not known improved the fit of the models for 18-mo weight. However, the pattern for estimates of variance components was similar whether or not the effect for missing vs not missing sire identification was present in the model.
Slaughter Weight
Parameter estimates for slaughter weight from the same models as for 18-mo weight are presented in Table  5 . Similar patterns for estimates of variance components were not found for slaughter weight (at average of 22 mo) as for 18-mo weight. There was more variability from model to model, which might be due to having only about half as much data or may be due to different management conditions and identification standards for animals that were slaughtered. The slaughter weights were only on steers, whereas 18-mo weights included both heifers and steers. Estimates of heritability were larger for slaughter weight than for 18-mo weight, which suggests better identification for slaughtered animals (steers) than animals not slaughtered (heifers). There were only minor differences in the likelihoods for models with the same fixed factors. The log likelihoods with DP-3, DQ-3, and DPQ-3, including the additional fixed factor for missing sire identification, were somewhat improved compared with DP-2, DQ-2, and DPQ-2. Model DPQ-3 for slaughter weight was compared with and without age at slaughter as a covariate and similar log likelihoods were found for both models. Thus, estimates from the model with slaughter age as covariate were not reported. Log likelihoods were essentially the same for models that did or did not include maternal genetic effects, which indicates that maternal effects are not important for slaughter weight as was also concluded for 18-mo weight.
An explanation is lacking for why, with some models, estimates of variance due to sire × region × year-season interaction effects were small and had no effect on estimates of heritability but, with other models, estimates of heritability decreased substantially with sire interaction in the model especially with the extra fixed factor. The estimates of the direct-maternal genetic correlation can have little meaning with such small estimates of the maternal genetic variance for slaughter weight. 
Multiple-Trait Analyses
For bivariate analyses, the DMPQ-3 model was first used for yearling weight, which included random direct and maternal genetic, maternal permanent environmental, sire × region × year-season interaction, and residual environmental effects and with whether identification of sire was missing or not as an additional fixed factor. Estimated maternal heritability for yearling weight was reduced compared with the estimates from single-trait analyses (.01 vs .04, respectively). Thus, maternal genetic effects were ignored in all subsequent bivariate analyses. For 18-mo weight and slaughter weight, model DPQ-3, which included random direct genetic, uncorrelated dam, sire × region × year-season (SRYS) interaction, and residual environmental effects with a fixed factor of whether identification of sire was missing or not, had the best fit. Therefore, this model was used for the three pairs of twotrait analyses.
Parameter estimates from the two-trait analyses for yearling, 18-mo, and slaughter weights are shown in Table 6 . Estimates of heritability for yearling weight were somewhat smaller than those from single-trait analyses. Estimates of direct genetic correlations between YWT and W18, YWT and SWT, and W18 and SWT were large: .99, 1.00, and .97, respectively. Koots et al. (1994) reported average estimates of direct genetic correlations between yearling weight and postweaning Table 6 . Parameter estimates from two-trait analyses for yearling and 18-mo weights, yearling and slaughter weights, and 18-mo and slaughter weights (kg) gain to be .81, and between yearling weight and carcass weight to be .91. Koch (1978) reported an estimate of .96 for the genetic correlation between yearling weight and carcass weight in Herefords. Arnold et al. (1991) , however, estimated the genetic correlation between 365-d weight and carcass weight to be −.03 for Hereford steers.
Estimates of the correlation between effects of dams for two-trait analyses were highly positive (1.00) but have little meaning because of the small estimate of variance due to effects of dams for these weights (.00 to .01).
The proportion of variance due to SRYS interaction effects for yearling weight were somewhat greater than those from single-trait analyses. The estimates of correlations among SRYS interaction effects were .89 for YWT and W18, .79 for YWT and SWT, and 1.00 for W18 and SWT, respectively. However, the estimate of correlation between W18 and SWT due to SRYS interaction effects (1.00) may be meaningless because of the small proportion of variance due to SRYS interaction effects for 18-mo weight.
Estimates of correlations between environmental effects were .74 for YWT and W18, .60 for YWT and SWT, and .81 for W18 and SWT, respectively.
Ranking of Sires
A comparison of rankings of sires for estimated breeding value for the eight models compared with the complete model for yearling, 18-mo, and slaughter weights is presented in Table 7 . To evaluate the effect of the model, sires were ranked based on the predicted breeding values for each model, and then the means of estimated breeding values with the complete model of the top 20% sires for each ranking were calculated. Little reranking of sires occurred when compared with the complete model for each trait. Models without maternal genetic effects were most different from the complete model for yearling weight with a product-moment correlation of about .92, and up to 33/285 dropped out of the top 20%. The results indicate that genetic progress would be similar for 18-mo weight and slaughter weight if selection of sires were by any of the models.
Implications
Maternal effects may not be needed in models for genetic evaluations for postweaning growth performance traits of 18-mo and slaughter weights of Korean Native cattle, but they may be of some importance for yearling weight. Including sire × region × year-season interaction effects in the model reduced estimates of heritability for yearling weight, which indicates that sire × region × year-season effects may represent contemporary group or herd effects, which, if confounded with genetic effects, would inflate estimates of heritability for yearling weight. Thus, recording herd identification should be encouraged in order to improve genetic evaluation. Estimates of direct genetic correlations among yearling, 18-mo, and slaughter weights were large enough that there would be no need to measure more than one of these traits. Accurate pedigree information is the basis for genetic evaluation, and further investigation targeting its improvement is recommended.
